bidity on cancer prognoses is complicated as comorbidity increases proportionately with age, an established prognostic factor in many cancer types. Moreover, presence of comorbidities may preclude patients from getting standard treatment. However, comorbidity was recently reported to be an independent prognostic factor in a few cancer types. 6) Charlson comorbidity index (CCI), 7) a measure of comorbidity which has been most frequently used for predicting mortality in hospitalized patients, has been shown to be independently associated with prognoses in certain cancer types.
Subject Variables
Conditions that are known to alter the risk of mortality, as defined in the CCI, 7) were classified as comorbidities. Only the comorbidities present at the time of the patients' initial surgery for their primary STS were considered, and 43 of 334 patients (12.9%) had at least one comorbidity. The specific comorbidities were as follows (some patients were duplicated): myocardial infarction (n = 3), congestive heart failure (3), peripheral vascular disease (3), cerebrovascular disease (2), dementia (1) , chronic pulmonary disease (3), connective tissue disease (0), ulcer disease (1), liver disease (6), diabetes (19) , hemiplegia (1), moderate or severe renal disease (0), any tumor or metastasis except STS, which is the subject of this study (4) , leukemia (1), lymphoma (0), and acquired immunodeficiency syndrome (0). In this report, we refer to the 43 patients with comorbidity as the 'comorbid group' and to those without comorbidity as the 'non-comorbid group. ' Medical records were reviewed for the potential clinicopathologic factors that might influence oncologic outcome in STS: (1) clinicopathologic factors at initial presentation, (2) treatment variables, and (3) age. Regarding initial presentation, the patient's gender, tumor anatomical site, histological tumor type, previous unplanned excisions, histological grade, initial tumor size, and tumor depth were investigated. There were 188 male (56.3%) and 146 female (43.7%) patients. The anatomical sites were the upper extremity (n = 78, 23.4%), lower extremity (n = 213, 63.8%), and trunk (n = 43, 12.9%). The chest wall, back, neck, buttock, pelvis, axilla, and inguinal area were included in the trunk definition. Undifferentiated pleomorphic sarcoma (UPS) was the most common histological type (n = 90, 26.9%), followed by synovial sarcoma (n = 57, 17.1%), liposarcoma (n = 53, 15.9%), leiomyosarcoma (n = 23, 6.9%), malignant peripheral nerve sheath tumor (n = 23, 6.9%), myxofibrosarcoma (n = 16, 4.8%), fibrosarcoma (n = 15, 4.5%), and epithelioid sarcoma (n = 11, 3.3%). 8) The UPS group included the previously-used classification of malignant fibrous histiocytoma. Previously unplanned excisions were defined as any previous surgical excision of the tumor without regard for malignancy, and were performed in 162 patients (48.5%). The mean time duration between the unplanned excision and the re-excision was 36.2 ± 11.8 days. Among the 162 patients, 59 (36.4%) were referred after recurrence. Histological tumor grading was performed using the Federation Nationale des Centres de Lutte Contre le Cancer (FNCLCC) classification system. 9) There were 47 (15.3%) grade 1, 147 (47.7%) grade 2, and 114 (37.0%) grade 3 tumors. Initial tumor size was defined as the largest diameter on preoperative magnetic resonance imaging (MRI). In the case of a previous unplanned excision with no available data on MRI performed before the excision, the initial tumor size was calculated according to the medical chart of the referring hospital where the unplanned excision was performed. The mean initial tumor size was 7.2 ± 5.4 cm, and the initial tumor sizes were classified as ≤ 5 cm (n = 141, 45.3%), > 5 cm and ≤ 10 cm (n = 104, 33.4%), and > 10 cm (n = 66, 21.2%) for analysis purposes. Tumor depth was classified as superficial (n = 42, 14.0%) or deep (n = 259, 86.0%); tumors located exclusively above the superficial fascia were defined as superficial. There was no survival difference between any consecutive time periods, and varying the cut-off ranges did not change the results.
Investigated treatment variables included pathological resection margin, surgical margin, administration of adjuvant therapy (preoperative chemotherapy and postoperative radiotherapy/chemotherapy), and the completeness of treatment intensity. The administration of preoperative radiotherapy was not included because our cohort did not include any such cases. Any microscopic involvement of the margin of the excised specimen was considered positive for the pathological resection margin. There were 21 cases (6.3%) with positive pathological resection margins. Surgical excision was performed with the intent to achieve a wide margin, and surgical marginal status was evaluated by examining the resected specimen. In cases with previous unplanned excision, re-excision was performed by removing the tumor bed to achieve a wide margin.
10) The reexcision surgical margin was determined on the basis of an enhanced MRI performed shortly before the re-excision; re-excision was undertaken with a wide margin of the normal surrounding tissues. Surgical marginal status was classified as 'wide' or 'other' . Wide excision included wide and radical excision (n = 257, 76.9%); others included inadequate wide, marginal, and intralesional excisions (n = 77, 23.1%). Note that the pathological resection margin was determined by the pathologic report using microscopic examination, whereas the surgical margin was determined by the operative record using gross examination. Following the diagnosis of a patient with STS, the decision to undertake adjuvant therapy was made after discussion of the case at a multidisciplinary conference. In general, chemotherapy and/or radiation therapy was administered when survival gain and/or high risk of local recurrence was thought to exist based on clinical information, such as histological grade and surgical margin. However, no prospectively selected criteria were used for patient selection. Preoperative chemotherapy was performed in 11 cases (3.3%), postoperative chemotherapy in 62 cases (18.6%), and postoperative radiotherapy in 170 cases (50.9%). We included the completeness of treatment intensity as one of the treatment variables; 'incomplete treatment intensity' referred to any of the following: (1) incomplete surgical margin, such as intralesional or marginal, during definitive surgery; (2) reduced or palliative dose or drop-out due to any causes during first-line chemotherapy; and (3) palliative dose or drop-out due to any causes during adjuvant and/or neoadjuvant radiotherapy. There were 110 cases (32.9%) with incomplete treatment intensity.
Finally, the age of the patient at the time of initial surgical removal under the diagnosis of STS was investigated. The mean age was 45.8 ± 18.9 years, and patients were age-grouped as ≤ 30 years (n = 82, 24.6%), > 30 years and ≤ 45 years (n = 83, 24.9%), > 45 years and ≤ 60 years (n = 81, 24.3%), and > 60 years (n = 88, 26.3%) for analysis purposes.
Statistical Analysis
Oncologic outcomes were analyzed using two clinical endpoints: local recurrence and disease-specific death. For local recurrence-free survival (LRFS), any recurrence at or adjacent to the initial primary site (n = 85) was defined as an event. For disease-specific survival (DSS), death due to sarcoma or related treatment (n = 51) was defined as an event. The 8 patients who died from other causes were not counted as an event. To evaluate the prognostic effect in terms of oncologic outcomes, Kaplan-Meier survival curves and the log-rank test were used for univariate analysis and Cox regression analysis was used for multivariate analysis. The factors significantly associated with the presence of comorbidity (p < 0.05) and the variables with p-values of < 0.10 in univariate analysis of survival 11) were determined as possible confounding factors on comorbidity for survival, and those possible confounding factors were used in multivariate analysis. To show the confounding effects of age and treatment variables that are generally well known to be associated with comorbidity, we first analyzed the prognostic effect of the presence of comorbidity in multivariate analysis with only initial presentations (namely, analysis without the age and treatment variables as co-variables). Then, patient age and treatment variables were sequentially included in the analysis, and the changes in statistical significance and the hazard ratio of comorbidity were noted.
For the purpose of comparing the patients with and without comorbidity, the significance of differences between means was calculated using the independent t-test. The significance of differences between frequencies was calculated using the chi-square test, and Fisher exact test was used in cases when the frequency was less than five.
Significance was confirmed for p-values of < 0.05. Statistical analyses were performed using SPSS ver. 21 (IBM Co., Armonk, NY, USA).
RESULTS

Factors Associated with Comorbidity
When comparing the comorbid group and the noncomorbid group (Table 1) , the comorbid group had older chronological age (p < 0.001), fewer synovial sarcomas (p = 0.017), and larger initial tumor size (p = 0.003). The comorbid group also tended to have a higher FNCLCC grade (p = 0.052). LRFS and DSS in the comorbid group were worse than those in the non-comorbid group (Fig. 1 ).
Prognostic Factors for Oncologic Outcomes
On univariate analysis for LRFS, significant factors (p < 0.10) were treatment intensity, postoperative radiotherapy, pathological resection margin, age, and histological type (synovial sarcoma and malignant peripheral nerve sheath tumor [MPNST] ). On multivariate analysis of these factors, along with the factors significantly associated with comorbidity (age, FNCLCC grade, and initial tumor size), the presence of comorbidity was significantly associated with poor LRFS after adjustment for initial presentation (Table 2) . Furthermore, the presence of comorbidity still retained prognostic significance for LRFS even after adjusting for age and treatment variables ( Table 2) . Besides comorbidity, not performing postoperative radiotherapy was independently associated with poor LRFS.
On univariate analysis for DSS, significant factors (p < 0.10) were treatment intensity, postoperative chemotherapy, age, previous unplanned excision, anatomical site, histological type (MPNST), FNCLCC grade, and initial tumor size. On multivariate analysis of these factors, along with the factors significantly associated with comorbidity (age, FNCLCC grade, synovial sarcoma and initial tumor size), the presence of comorbidity was significantly associated with poor DSS after adjustment for initial presentation (Table 3) . Furthermore, the presence of comorbidity still retained prognostic significance for DSS even after adjusting for age and treatment variables (Table 3) . Besides comorbidity, high FNCLCC grade and large tumor size was independently associated with poor DSS. If the comorbidity was excluded in the analysis, age was significant prognostic factor in LRFS (Table 4) .
DISCUSSION
Comorbidity has often been reported to be significantly associated with prognosis in patients with other cancer types. 2, 6, 12) However, comorbidity is associated with age, and affects treatment modality and intensity, making it difficult to distinguish its respective contributions to prognosis. To prove the independent prognostic effect of comorbidity, we first investigated the characteristics of patients and categorized them into initial presentation, age, and treatment variables. Among the separate categorized characteristics, we determined the possible confounding factors that were significantly associated with comorbidity or affected the survival of STS patients. We then analyzed the prognostic impact of comorbidity on STS outcome with an adjustment for the possible confounding factors including initial presentation, age, and treatment variables sequentially. To our knowledge, this is the first study to address the prognostic effect of comorbidity with a specific focus on STS.
A few things should be considered when interpreting the results of this study. First, our reason for undertaking this study was based on the idea that the assessment of specific factors in geriatric patients could predict the prognosis of STS. The most widely used and representative factor in geriatric assessment has been chronological age. However, with advances in medical technology and increased life expectancy, many healthy elderly patients with STS endure more aggressive treatments and achieve better oncological outcomes than young people. Thus, we sought additional geriatric assessment modalities, which might reflect the prognosis more precisely. We adopted the presence of comorbidity as one of our geriatric assessment tools because it is relatively well established, objective, and advantageous for use in further studies with nationwide cancer registry systems. 7, 13) Of course, there is certainly a sufficient possibility that our study did not reveal an actual prognostic factor that reflects geriatric progression. In other words, comorbidity as well as chronological age may merely be a confounder partly reflecting the aging process, and it may be the case that there is another actual prognostic factor, such as functional status, muscular volume, etc., or several factors combined that reflect real Incomplete treatment intensity means any of the following: (1) incomplete surgical margin, such as intralesional or marginal, during definitive surgery, (2) reduced or palliative dose or any drop-out during first-line chemotherapy, (3) palliative dose or any drop-out during adjuvant and/or neoadjuvant radiotherapy. 
On univariate analysis, treatment intensity, postoperative chemotherapy, age, previous unplanned excision, anatomical site, histological type of MPNST, FNCLCC grade, and initial tumor size showed p-values < 0.10. With those variables, as well as the significantly related factors (age, synovial sarcoma, FNCLCC grade, and initial tumor size), multivariate analysis was performed. The presence of comorbidity showed a significantly poor prognostic effect for disease-specific survival, and remained significantly associated with the survival after adjusting for age and treatment variables. HR: hazard ratio, CI: confidence interval, NA: not applied, MPNST: malignant peripheral nerve sheath tumor, FNCLCC: the Federation Nationale des Centres de Lutte Contre le Cancer. *p-value < 0.05. † Incomplete treatment intensity means any of the following: (1) incomplete surgical margin, such as intralesional or marginal, during definitive surgery, (2) reduced or palliative dose or any drop-out during first-line chemotherapy, (3) palliative dose or any drop-out during adjuvant and/or neoadjuvant radiotherapy. geriatric biology. Second, we simply used the presence of comorbidity as a representative of comorbid conditions instead of the comorbidity burden, such as that measured by the CCI itself. Lung cancer is one of the cancer fields in which the prognostic effect of comorbidity has been most actively investigated. Patients with lung cancer tend to have relatively more comorbidities because they are relatively older 2, 12) and because some comorbidities share their etiology with the underlying malignancy. For example, tobacco use is a major risk factor not only for lung cancer but also for the most common medical comorbidities of chronic obstructive pulmonary disease and coronary artery disease.
2) However, patients with STS are relatively young compared to patients with other types of cancer, 1, 2) and there is no definite shared cause that results in both the malignancy and the observed comorbidities. For this reason, the proportion of patients in our study with comorbidities was small, and most of them had only one comorbidity. Therefore, we used the presence of comorbidity as a representative of comorbid conditions. We suggest that this could also explain the reason why comorbidity has not been studied as a prognostic factor in STS. Third, the survival for patients with STS has been increasing. 14) Piccirillo et al. 6) reported that comorbidity information was more important in the cancers with longer mean survival and prognostically least informative in the cancers with the worst survival. Therefore, it can be inferred that the prognostic effect of comorbidity in STS may increase as survival rates increase and the population ages. Fourth, there are many demographic differences between the comorbid and non-comorbid groups such as age, histological type, grade, and size. Therefore, the possibilities of unproven bias should be considered when interpreting the results, even though multivariate analyses had been performed. The final consideration is that this study might be limited by its retrospective nature, with a relatively small number of patients studied in a single institute. This limitation may have resulted in some missing data and may theoretically cause observational and selection biases. We presented each available number of characteristics in Table  1 to minimize the misunderstanding of readers.
In the current study, comorbidity showed an independent poor prognostic effect on LRFS and DSS in patients with STS on multivariate analysis, even after adjusting for initial presentation, age, and treatment variables. Comorbidity showed a significant correlation with age (p < 0.001). On the other hand, comorbidity showed no significant association with the completeness of treatment intensity. This might be a reflection of our hospital's principle of treating cancer patients as aggressively as possible regardless of the patients' age and comorbidities. Other than age, comorbidity was also associated with fewer synovial sarcomas on histological type, and larger tumor size, and tended to associate with FNCLCC grade. Notably, all those variables were associated with poor prognosis in survival: older age showed a poor prognosis in LRFS in the absence of comorbidity as a co-variable; synovial sarcoma of histological type, although only on univariate analysis, showed a good prognosis in LRFS; and high FNCLCC grade and large initial tumor size showed poor prognosis in DSS. Moreover, the hazard ratio of comorbidity decreased as age and treatment variables were included. Thus, we suggest that comorbidity not only has an independent poor prognostic effect on the survival of STS patients but also has some confounding effects with other poor prognostic factors (Fig. 2) . These factors might be related to the actual aging process.
Many explanations for the prognostic or confounding effects of comorbidity have been proposed; suggestions include that comorbidity might affect treatment 2, 12, 15, 16) might increase the likelihood of experiencing treatment-related adverse effects in addition to exacerbations of the comorbidity; 2, [17] [18] [19] might decrease the likelihood of completing prescribed treatments, resulting in lower rates of disease control; 2, 20) and might limit life expectancy itself, independent of the underlying malignancy. 2, 6) In some studies, particularly in breast cancer, the prognostic effect of comorbidity has been explained with special attention to the metabolism of certain comorbidities. [21] [22] [23] [24] However, STS is known to have no definite risk factors commonly shared with comorbidity and to be relatively unaffected by metabolism. Therefore, although more studies are needed, we carefully suggest that a certain biological change with the aging process is one of the main prognostic factors in STS, and comorbidity is one of the relevant geriatric assessments.
Our data suggest that the presence of comorbidity is an independent prognostic factor for extremity STS.
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